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Abstract
The technological developments in networking 
solutions, information and communication services 
create the basis for the provisioning of complex, real-
time services. This paper addresses the charging and 
billing of such advanced services. Customers of 
complex real-time services want real-time billing 
information to manage their expenses while using such 
services. Similarly, service providers want to manage 
their financial risks. Determining the actual charge 
during a service session implies that most of the billing 
processes need to be executed in near real-time. 
Advanced services will be composed of services 
provided by various 3rd party providers residing in 
different domains. Hence, charging and billing of 
advanced services requires a billing system capable of 
composing charging and billing information from 
providers in different domains on a near real-time 
basis. We present an architecture for such a real-time, 
multi-domain billing system. This paper presents an 
enterprise model for real-time inter-domain billing, 
comprising the role of the end-user, subscriber, the 
service provider, the 3rd party provider, and the 
billing provider. The model builds on the RM-ODP 
Enterprise Viewpoint, the eTOM and the Shared 
Information/Data model (SID). 
Key words: inter-domain billing, real-time, service 
composition  
1. Introduction 
The rapid migration from circuit based 
telecommunication networks to full IP networks 
enables the provisioning of complex, multimedia 
services for such applications as eBusiness, 
eEducation, and eHealth. In most cases, these 
advanced services are compositions of basic services. 
For example, an eHealth service may consist of a 
connectivity service and a multimedia consultancy 
service [1, 2]. The basic services in such a composite 
service may be provided by different service providers. 
Customers of composite services want (near) real-time 
billing information to manage their expenses while 
using these services. Service providers have the same 
needs in order to manage their financial risks. Today’s 
billing systems are not suitable to deal with 
requirements related to composite services. 
In practice, whenever a new service is to be 
introduced with new specific billing requirements, the 
service provider will extend the billing system to cope 
with these requirements. However, such a solution will 
not be sustainable because of recurring costs and 
related development times. Therefore, we propose a 
design for a real-time, inter-domain billing system for 
composite services. Such a billing system should be 
based on standardized models with well-defined 
interfaces that support charging and billing. Our 
research aims at the development of such a billing 
system.  
This paper discusses the ODP enterprise model [9] 
of the envisioned billing system. We thus consider the 
billing system, its environment and the interactions 
between these. In our model we borrow concepts from 
TMF’s NGOSS [19, 10, 18] and extend these further 
for our specific goal. The billing specific entities 
specified in our model are inspired by the Resource-
Event-Agent (REA) accounting framework [3,4,5]. 
With the enterprise model of the proposed billing 
system we present the system and its environment with 
which the system interacts. The model presented here, 
covers the enterprise objects, roles and role 
assignments. Regarding its behavior we fully focus on 
the real-time billing of services in use and we propose 
an intertwining of the service provisioning lifecycle 
2and the billing lifecycle. The behavior specification 
will be presented using processes and steps. 
The remainder of this paper is organized as follows. 
In Section 2 we discuss related research and the 
background on which our specification is based. We 
briefly discuss the ODP enterprise viewpoint, TMF’s 
NGOSS and the REA framework. The scope and 
billing problem domain are discussed in Section 3 
where the problem domain will be addressed. The 
ODP Enterprise specification is discussed in Section 4 
and 5. Section 4 discusses the billing community and 
the static structure (i.e. enterprise objects, roles, 
assignment), Section 5 considers the behavioral 
aspects (the processes and process steps). An 
evaluation and discussion follows in Section 6. 
2. RELATED RESEARCH AND 
BACKGROUNDS
2.1 Related Research 
The 3rd Generation Partnership Project (3GPP) has 
proposed two reference billing models for different 
service scenarios [6], namely: an off-line and an online 
billing model. In the offline model we have that there 
is no gathering of billing information during service 
sessions. Therefore, the operator takes a financial risk 
in case of a prepaid payment model. This since the 
end-user might retain a service session for a long 
period, and only after completion of the service 
session, the operator can detect a credit balance 
threshold violation. In particular this holds in roaming 
cases where the home operator has to wait for the 
service session charges. 
The Akogrimo project [7] has proposed a billing 
architecture called A4C (Authentication, 
Authorization, Accounting, Auditing, and Charging). 
A4C consists of a number of basic system components 
based on the IETF’s AAA architecture [21]. This 
architecture offers billing solutions for mobile grid 
services in a multi-provider service environment and is 
designed to support billing for inter-domain composite 
services. However, the architecture lacks a 
specification of composite services, and real-time 
service charging and billing have not received detailed 
attention.  
Koutsopoulou [6] has proposed an architecture to 
support billing processes which also accounts for inter-
domain billing. In this architecture, the authentication, 
authorization and event-based billing in roaming 
service scenario’s is well addressed. However, 
charging and billing composite services have not been 
considered in detail.  
Our approach differs from other research in the 
following ways. First we use the language oriented 
nature of RM-ODP, this aids in being specific and 
accurate in terms of the modeling approach. We 
integrate concepts from TMF’s NGOSS. This way, 
domain specific concepts and solutions are 
incorporated in our model. Finally, we align our model 
specification with an accounting domain specific 
theory known as the Resource-Event-Agent 
framework. 
2.2 Enterprise Viewpoint 
This paper discusses the ODP Enterprise Viewpoint 
[9] of the envisioned Billing System. RM-ODP offers 
the means for the structured design and specification of 
(open) distributed systems. It defines five 
complementary viewpoints. For each viewpoint a 
dedicated conceptual language has been defined. 
Recently, concrete languages have been defined for the 
conceptual languages, one for each viewpoint. These 
concrete languages are based on the UML. More 
specifically, they extend the UML to capture language 
specific concepts. The UML extension mechanism 
used is that of a UML Profile [20].  
The purpose of the Enterprise Viewpoint is to specify 
the system under design with respect to its 
environment. Such a specification comprises the 
structure of the system and its behavior. Clearly, RM-
ODP does not does not capture any billing domain 
specific knowledge. Other standardization effort, such 
as the TeleManagement Forum, contributes to the 
development of management domain specific 
knowledge. 
2.3 TMF’s NGOSS 
Since 2000, the TeleManagement Forum (TMF) has 
started with the New Generation Operations Software 
and Systems (NGOSS) initiative. NGOSS aims at 
building and developing a framework that aids in the 
design and development of new generation Operation 
Support Systems (OSS) and Business Support Systems 
(BSS).
Unlike RM-ODP, NGOSS specifies domain specific 
models and concepts, namely those for the design of 
new generation OSS/BSS. Considered this way, RM-
ODP and NGOSS are complementary. For the purpose 
of conveying an enterprise model of the envisioned 
billing system, we can use two of the four NGOSS 
framework pillars, namely the Enhanced Telecom 
Operations Map (eTOM) and the Shared Information / 
Data Model (SID).  
The eTOM specifies a blueprint of business processes 
relevant for the new generation OSS/BSS. The purpose 
3of this blueprint is to serve as a common basis for 
communication, and for OSS/BSS design, thus 
promoting reuse. The eTOM can thus be considered as 
an extensive problem domain specific process 
taxonomy. eTOM processes are used in the 
specification of process flows. The eTOM concepts 
and terminology can easily be related to those of the 
ODP enterprise viewpoint (EV) as follows: an eTOM 
process corresponds to an EV Step; and, an eTOM 
process flow corresponds to an EV process.  
Regarding Billing, the eTOM specifies a number of 
Level 2 processes, and a refinement thereof into Level 
3 processes. An overview of these processes is given 
in Figure 1. For a detailed description of these eTOM 
processes we refer to [18]. 
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Figure 1. eTOM Level 2 and 3 Processes 
The SID specifies the entities and their relationships 
that are of concern for the design and development of 
OSS/BSS. The approach taken is that best breed 
models available from research and other 
standardization efforts are integrated. Furthermore, the 
SID builds on a small set of well-established analysis 
and design patterns, thereby promoting reuse and 
extensibility. Relating SID entities to the ODP 
enterprise viewpoint, we can say that SID entities 
define domain specific EV objects and EV roles. The 
scope of the SID is very broad it ranges from 
enterprise and organization models to detailed ICT and 
network related models. In our work we mainly 
borrow concepts from the SID Party model, and the 
SID Service model. Today, the SID does not yet 
include a model that captures the economic rationale of 
service provisioning, since this is essential for a billing 
system, we propose the use of the REA pattern as 
discussed in the next section. 
2.4 Resource-Event-Agent Pattern 
The Resource-Event-Agent (REA) framework was 
conceived already back in 1982 [3]. More recently, an 
ontological analysis has been given [5, 22]. In the 
context of service accounting, charging and billing, the 
REA framework models the economic rationale of 
service provision. The framework basically mandates 
the following: Any economic resource given by an 
economic agent to another economic agent must in a 
duality relation with another economic resource given 
by the other economic agent to the former. Relative to 
an enterprise, one of the agents must belong to the 
enterprise (i.e. the inside agent) whereas the other 
agent must be external to the enterprise (i.e. an outside 
agent). Such a constellation is referred to as an 
economic exchange. Figure 2 captures this idea of an 
exchange as a pattern. For completeness, it must be 
mentioned that the model shown is a simplified version 
of the REA Framework as it is known today, for the 
interested reader we refer to [5, 22]. Within the scope 
of this paper, however, the presented model suffices. 
Because REA is positioned as a framework, and more 
specifically an accounting domain specific framework, 
we aim at incorporating this framework into the 
enterprise specification of the Billing System under 
design. 
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Figure 2. The Resource-Event-Agent Pattern 
2.5 Approach 
Given the above backgrounds, we develop an 
enterprise model for the real-time billing of composite 
services. Because ODP Viewpoint languages are 
generic for the design and development of distributed 
systems, it does not capture billing domain specific 
knowledge; we use the eTOM, SID and REA pattern 
for this.
The ODP enterprise viewpoint basically defines a 
conceptual language. In order to express and 
communicate an enterprise model, we therefore need 
symbols that represent these symbols (and their 
allowed and modeled relationships). Recently this 
work has been taken up, and has resulted in a draft 
4standard UML for ODP [20]. In this work, UML 
profiles are specified for the ODP conceptual 
languages. Currently, these profiles have also been 
implemented as to import these in software 
development tools. In the modeling work presented in 
this paper, we used a UML tool with an imported 
UML4ODP profiles from [23]. 
3. BILLING SYSTEM: SCOPE AND 
PROBLEM DOMAIN
3.1 Scope and Problem Domain 
In a real-life situation, the provisioning and billing of 
services often involves different distinct and 
distributed systems. These systems must interact with 
each other in the desired ways to ensure a seamless 
service provisioning and to conduct accounting, 
charging and payments in a correct way. In such an 
environment, an end-user would use a user system 
(e.g. a mobile device) to connect a provisioning system 
for obtaining services. Here, distinction can be made 
between an end-user consuming the service and a 
subscriber paying for the service. These two “legal 
entities” can be a single person, but they can also be 
two separate entities. For instance, an end-user can be 
an employee and the corresponding subscriber can be a 
company. The subscriber would use a subscriber 
system to manage subscription plans or to retrieve 
usage and billing information. The service provider 
would operate a provisioning system and a billing 
system to handle both the service provisioning and the 
corresponding billing. In case of composite services, 
the service provider can combine a 3rd party service 
provided by a partner provider, where the service 
provisioning can occur between a provisioning system 
belonging to the service provider and a partner system 
belonging to the partner provider. Next to service 
provisioning and billing, payment processes are also 
vital because they ensure the clearing and settlement 
the parties involved. Such a payment system would be 
operated by a payment provider. Figure 3 illustrates an 
environment in which different systems are connected. 
Not all entities interact directly with the billing system. 
In particular there are various parties that cannot 
directly interact with the billing system. First of all this 
reflects the fact that in a distributed IT-infrastructure,
this is typically the case: a party interacts with the 
system of another party indirectly via its own system. 
However, from a billing perspective it is crucial to 
include these non-directly interacting parties, because 
this shows legal accountability relations. 
In this paper, we focus mainly on the billing system 
and we reason about billing processes from the 
perspective of the service provider. It is assumed that 
the service provider is responsible for the service 
provisioning as well as the billing. We address two 
challenging aspects of the billing domain, which are 
billing of composite service and real-time billing. We 
recognize the importance of other surrounding systems 
but these are considered to be beyond the scope of this 
paper.
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Figure 3. The Billing System and Its Environment 
3.2 Intertwinement of Service Lifecycle and 
Billing Lifecycle 
The rationale of the processes for the real-time billing 
of services is to intertwine the service usage lifecycle 
and the service billing lifecycle as we have proposed 
already in [2]. How these two different lifecycles are 
related, that is intertwined, is described by the process 
given in Figure 4. 
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Figure 4. Intertwinement of Service Lifecycle and 
Billing Lifecycle 
In short, the use of a service comprises the following 
phases:
1. Service Request Processing - In this phase, a 
request initiated by the end-user is processed.  
2. Service Instantiation - In this phase, the requested 
service is orchestrated (i.e. composed) and set-up 
for use 
3. Service Usage - In this phase the service is 
actually provided for use by the service provider 
to the end-user. 
4. Service Termination - In this phase the service use 
is terminated, this is either initiated by the end-
user or by the service provider. 
For the real-time billing of this service usage, the 
following phases are defined: 
51. Credit Verification - This process validates if the 
Subscriber‘s credit conforms to the requirements 
allowing the service request to be granted. 
2. Service Billing Instantiation - This process 
prepares the billing of the orchestrated service.  
3. Service Billing - During this phase use events (i.e. 
use records) are received by the billing system and 
processed as to determine in real-time the charge 
of the service. 
4. Service Billing Termination - In this phase, the 
service billing is terminated (gracefully). 
In Section 5, we will detail out the Service Billing
phase of the billing lifecycle to discuss the essence of 
real-time billing. Other phases are left out of scope. 
4. BILLING SYSTEM OBJECTS, 
ROLES, AND RELATIONS 
In this section we briefly present an overview of the 
Billing System community, and we present and 
underpin the Objects, roles and relations (e.g. role 
assignments) of in the Enterprise model of the 
envisioned billing system.  
Enterprise objects represent things or entities of 
interest. We distinguish three different groupings of 
enterprise object. First of all, there are Parties
representing legal entities (either a person or an 
organization), that can (indirectly) interact with the 
billing system. The second group of enterprise objects
comprises the systems that comprise the enterprise 
model of the billing system. These first two groupings 
of enterprise objects can fulfill roles and these will be 
discussed in concert with the objects. The third 
grouping of enterprise objects contains objects 
representing service, service usage, cash and 
payments. These objects do not fulfill a particular role 
but appear as artifact roles in interaction, or as artifacts 
in process specification. For each grouping, we define 
the enterprise objects relevant for the billing system. 
Our discussion does not follow the prescribed 
packaging of an enterprise specification but is guided 
by the design rationale of the billing system. We thus 
follow the groupings just discussed. 
4.1 Billing System Community Overview 
The enterprise specification of the billing system and 
its environment is presented as an enterprise
community Billing System Community.  The 
Billing System Community specifies the 
objective of the community, the enterprise objects
involved, the behavior of the Billing System 
Community and (possibly) the policies that govern 
this behavior. The behavior comprises the enterprise
roles fulfilled by the enterprise objects, the enterprise
processes and interactions. An overview of the 
Billing System Community is given in Figure 
5.
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Figure 5. The Billing System Community 
4.2 Party and Party Role 
Parties refer to the legal entities that (indirectly) 
interact with the billing system. We define: 
x Party – A Party is an abstract enterprise 
object, representing a (legal) entity, this can be 
either a Person or a (legal) Organization. In 
the context of the Billing System, only a Party can 
ultimately be responsible for the use or payment of 
services or for the provisioning of services.  
x Person – A Person is a Party representing a 
human being that can be taken responsible for its 
actions, or that it has delegated.  
x Organization – An Organization is a 
Party representing a legal business entity. Hence 
is can be taken responsible for the actions it 
performs, or that it has delegated. 
A party can perform interactions via a role it fulfill. 
The following roles are defined: 
x End-user - A Party fulfilling this role can use 
services. That is, it can initiate, possibly modify, and 
terminate a service. 
x Subscriber - A Party fulfilling this role can be 
engaged in a service contract with a provider. Such 
a contract involves a specification of the services 
(e.g. service bundle) and a specification of the terms 
and conditions for the use and payment of these 
services. Actual use of services is delegated to the 
End-user role.
x Service Provider - A Party fulfilling this 
role can be engaged in a service contract with 
Subscribers and with partner providers. The 
Service Provider role is responsible for the 
delivery of services to an End-user. In addition, 
the Provider role can use services delivered by 
partners in the composition of the services to an 
End-user.
x Partner Provider - A Party filling this role 
can be engaged in a contract relationship with a 
Provider for the purpose of provisioning composite 
services by the Service Provider.
6x Payment Provider - A party fulfilling this 
role intermediates and settles service payments 
between, Subscriber, Service Provider 
and Partner Provider roles.
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Figure 6. The Party Model 
The identified party roles are shown in Figure 6. 
Parties exhibit behavior through the Party
Roles they fulfill. The relationship between a Party
and Party Role is specified by the Party Plays 
Party Role association. It must be noted that 
additional restrictions apply but are not shown in the 
figure. Two examples of these additional rules are: 
x A Party cannot fulfill the role of Subscriber
and Service Provider at the same time in a 
service contract. 
x A Party cannot fulfill the role of Service
Provider and Partner Provider at the 
same time in a partner service contract or partner 
service usage. 
These constraints are included as OCL constraints in 
the specification. Figure 7 shows the assignment of 
party roles to parties. 
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Figure 7. Party Role and Role Assignment 
4.3 System and System Agent 
The second group of enterprise objects we introduce 
specifies systems (i.e. a computerized system) that can 
perform tasks. The main idea of this enterprise object 
is to represent those systems that interact with the 
Billing System. We define the following Systems: 
x System - A System is an abstract enterprise object 
representing a (possibly networked) system, or a 
single system. 
We do not give an elaborate discourse on System,
relative to the SID we consider a System to be some 
physical (i.e. tangible) resource that can communicate 
with other physical resources. For the purpose of 
illustration, Figure 8 includes a non-exhaustive 
refinement of System.
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Figure 8. A Simple System Hierarchy 
The Systems that have been identified can also 
interact with the Billing System. Systems
interact indirectly via the roles these systems fulfill. 
We will call a role that can be fulfilled by a System a 
System Agent. The following system roles are 
introduced: 
x System Agent - An abstract enterprise role, 
from which concrete system roles can be derived. 
x End-user Agent - A System in this role can 
mediate between an End-user and the 
provisioning system. That is, it can request, modify 
and terminate services on behalf of the End-user.
x Subscriber Agent - A System fulfilling this 
role can mediate between a Subscriber and a 
Billing Agent.
x Provisioning Agent - A System in this role 
can deliver services to an End-user Agent. This 
service may be a composite service, incorporating 
services from partners. 
x Billing Agent - A System in this role is 
responsible for the accounting, charging and billing 
of (composite) services delivered to an End-user
Agent or services acquired from a Partner
Agent. In addition it provides support to the 
Provisioning Agent for granting services 
requested by an End-user Agent.
x Partner Agent - A System fulfilling this role 
can deliver services to a Provisioning Agent 
for the purpose of delivering (composite) services to 
an End-User Agent. In addition, it can interact 
with the Billing Agent to support the 
accounting and charging of such services. 
The role hierarchy and their relationship with System
are shown in Figure 9. Here also additional restrictions 
on the role assignment apply. For instance: in the 
context of a particular (composite) service, a 
Provisioning Agent and a Subscriber
Agent may not be assigned to the same System. A 
similar constraints hold for the Payment Agent 
and Subscriber Agent, and for the
Provisioning Agent and Partner Agent.
7These constraints are specified as OCL constraints in 
the enterprise specification. 
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Figure 9. System Agent and Role Assignment 
4.4 Role Delegation
From the specification of the roles it follows that no 
role has been introduced that unifies those of End-
user and Subscriber (typically a Customer). In 
our model, use of a service is delegated to the End-
user role by the Subscriber role. In addition, 
End-user and Subscriber do not directly 
interact with the Provisioning Agent and 
Billing Agent respectively. These interactions are 
mediated by the End-user Agent and
Subscriber Agent roles. This mediation is 
modeled as delegation form respective party roles to 
system roles. The delegation model is shown in Figure 
10.
In a similar way, the Service Provider,
Partner Provider and Payment Provider 
responsibilities are delegated to their agent role 
counterparts as shown in Figure 11. 
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Figure 10. Delegation Relationship between 
Subscriber, End-user and their Agents 
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4.5 Service and Service Usage 
Finally, there are service and service usage enterprise 
objects. These enterprise objects model real (though 
intangible) entities that are of course at the heart of the 
Billing System. Typically, these objects do not 
fulfill an enterprise role as to mediate between an 
enterprise object and behavior (e.g. a process), instead 
these enterprise play an artifact role, meaning that they 
appear in the interactions between the Billing System 
and its environment and in the process definitions. 
Inspired by the SID, we define the following service 
enterprise objects: 
x Service - This is (similar to the SID), an 
abstract base class from which all different 
kinds of services are derived. 
x End-user-facing Service – is a 
Service as delivered to an End-user
Agent by the Provisioning Agent.
x Resource-facing Service – is a Service
provided by the Provisioning Agent. It 
is not seen by End-user Agent but it is 
used in support of, or in the composition of an 
End-user-facing Service.
x Partner-facing Service – is a
Service similar to a Resource-facing
Service, in the sense that it is used in 
support of, or the composition of the End-
user-facing Service. However, this 
service is provided by a Partner Agent.
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Figure 12. The Service Model 
Figure 12 depicts the service model. Service and 
its subtypes are important to the billing system. Based 
on the service model, and especially the composition 
of an End-user-facing-service from 
Resource-facing-service and Partner-
facing-service provides the necessary 
information that allows the correlation and correct 
aggregation of usage and charge events. In addition, by 
letting partner services by included in the composition, 
multi-domain services are part of the model. To 
support the billing, however, we need the notion of 
usage event. Based on to the REA pattern, services are 
8considered as the economic resources, and the service 
usage event are the reports on their use. So, usage 
events (i.e. usage records) have a use relationship to 
Service and in addition, the event reports who has 
given the service and who has used the Service. By 
the duality relationship, we can model the full 
economic exchange. We define three subtypes of usage 
event, namely: End-user-facing Service 
Usage Event, Partner-facing Service 
Usage Event and Resource-facing
Service Usage Event. The first two are directly 
of importance for the billing of Subscribers and 
Partner Providers, as will be explained later on 
when we discuss the processes.
The event model is (partly) shown in Figure 13. The 
figure shows one half of the economic exchange for 
Subscriber billing. That is, it shows how an End-
user is responsible for the specified event (the End-
user Agent is just the role to which the service is 
delivered / consumed). The Duality with a payment 
(event) is shown (its relationship to Cash, and the 
Party Roles involved are not shown here). 
A similar model has been designed for the Partner-
facing Service Event, but is not shown here. 
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1
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1
*
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1
1
DelegatesUserInteractionTo
«EV_Delegation»
*
Figure 13. The End-user-facing Service Usage 
Event Model 
5. Process Specifications 
To specify the behavior of the Billing System as 
discussed briefly in Section 2, we adopt the eTOM 
process blueprint to specify the behavior of the 
Billing System under design. 
5.1 The Billing Processes Overview 
When considering the processes needed for a proper 
operation of the Billing System under design, we 
need to consider the specification of many different 
processes. The use of the eTOM certainly helps in this. 
Given the symmetry of the Subscriber and
Partner Provider roles regarding the billing 
processes, we need to consider at least, processes for 
managing contracts, payments, bill inquiries and for 
instance billing profile and control processes [18].  
Given the focus of this paper, namely the real-time 
billing of (multi-domain, composite) services, our 
focus in the next sections will be on those processes 
needed to support exactly this. In order to consider 
these processes, we assume that all contract issues (i.e. 
Service Level Agreement) are set. 
5.4 Service Accounting and Charging Processes 
The purpose of the Service Accounting and Charging 
process is to accurately update service charges based 
on received usage events. Changes in accumulated 
service charges, for instance for using Resource-
facing Services or Partner-facing
Services, will affect the charge of their containing 
Subscriber-facing Service. Considering the 
service model, usage events is emitted by the 
Provisioning Agent and sent to the Billing
Agent. These usage events report on usage of a 
Resource-facing Service in terms of one or 
more relevant parameters. The task of the Billing
Agent is to correlate these events to the correct 
service composition and determine the accumulated 
charge. We can also define the process to handle 
Partner-facing Service Usage Events.
These events are emitted by the Partner Agent. It 
is the responsibility of the Billing Agent to 
correlate these events to the correct service 
composition and to determine the accumulated charge 
for this service. The two processes are shown in Figure 
14 and Figure 15 respectively.  
Provisioning Agent Billing Agent
«EV_Step»
Distribute Management 
Information and Data
«EV_Artifact»
Resource-facing Service 
Usage Event
«EV_Step»
Mediate Usage Record
«EV_Step»
Rate Usage Record
«EV_Step»
Aggregate Charge 
«EV_Step»
Apply Discounting
«EV_Step»
Update Credit Balance
Figure 14. Recourse-facing Service Billing 
The process comprises the following steps: 
x Mediate Usage Record - Usage events 
received from the Provisioning Agent and 
9Partner Agent. The usage events need to be 
matched with the corresponding service. 
x Rate Usage Record - The usage events are 
rated according to the rates applicable. 
x Aggregate Charge - When rated, aggregation 
of usage charges is done to determine the 
cumulative service charge. 
x Apply Discounting - According to 
applicable discounting policies, discounting rules 
are applied to the service charge. 
x Update Credit Balance - First the End-
user-facing Service charge is updated, on basis of 
which the credit balance of the Subscriber is 
updated. 
Partner Agent Billing Agent
«EV_Step»
Distribute Management 
Information and Data
«EV_Step»
Mediate Usage Record
«EV_Step»
Rate Usage Record
«EV_Step»
Aggregate Charge 
«EV_Step»
Apply Discounting
«EV_Step»
Update Credit Balance
«EV_Artifact»
Partner-facing Service 
Usage Event
Figure 15. Partner-facing Service Billing 
6 Real-time Billing Considerations 
The main benefit of real-time billing is to provide the 
service providers a means to manage financial risks by 
verifying the credit balance of the subscriber before 
starting service provisioning and by updating/tracking 
credit balances during the service provisioning. In 
order to update credit balances in real-time, the 
following aspects are important: 
x Interim accounting and charging – The Billing
Agent must have the knowledge about the 
amount of usage at a certain point in time during 
the service usage. This means that the 
Provisioning Agent as well as the 
Partner Agent need to feed the Billing
Agent with interim usage events (i.e. usage 
records). The frequency at which interim usage 
events are exchanged can depend on the estimated 
value of the requested service.
x Aggregation of charges - Each interim usage 
events needs to be rated accordingly and charges 
belonging to a Resource-facing Service
and Partner-facing Service needs to be 
aggregated using the service composition. This 
step is crucial because all billing related 
information of the Billing Service comes 
together. In addition, the up-to-dateness of the 
credit balance depends strongly on this step. 
Compared to other steps such as Mediation
Usage Record and Rate Usage Record,
this step requires more intelligence and intensive 
processing. It can be expected that this step will, 
in many cases, be the main contributor to the end-
to-end delay of real-time billing. By end-to-end 
we mean the moment of emission of an interim 
event till the updating of the credit balance due to 
this particular usage event.
x Billing costs versus financial risks -   It is clear 
that the realization a real-time billing need to 
results in economic benefits. If not, there is no 
business case for such a billing system.  Among 
other processes such as fulfillment and assurance, 
billing is an intensive and costly process. 
Introducing real-time interim billing increases the 
complexity of and the required resources needed 
for billing, hence the costs of billing will increase. 
However, the loss of revenue due to bad-debts 
situations is enormous. FairIsaac estimated bad-
debt cost for the telecom industry to be $10 billion 
each year [24]. Therefore, it is important to 
consider the trade-offs between billing costs in 
terms of frequency of interim charge aggregation 
and the financial risks to be avoided for high-
value services. 
The above considerations can be expressed in terms of 
policies applied to the steps of the enterprise process
Service Billing, to make sure that the business 
benefits of real-time billing are taken into account. To 
further improve the behavioral design of the proposed 
billing system, policies can be used to impose 
constraints on the processes and actions of the entities 
within the Billing System Community.
Policies permit a process or an action to happen. For 
instance, the following obligation policies can be 
included in the enterprise model. Please note that by no 
means is it our aim to give an exhaustive list of 
options. 
x Real-time usage events generation – According to 
this policy, the Provisioning Agent is
obligated to send the Billing Agent x
number of Usage Events per y time unit. 
x Real-time credit balance updating – According to 
this policy, the Billing Agent is obligated to 
update the credit balance of the Subscriber
10
within x time unit after receiving an interim of a 
final usage event. 
x Real-time credit balance monitoring – According 
to this policy, the Billing Agent is obligated 
to make available current information about the 
Subscriber’s credit balance in real-time such 
that appropriated action can be taken in case the 
balance reaches a pre-defined threshold. 
7 Conclusion and Future Research 
In this paper we have addressed the research topic of 
real-time service billing in a broad context namely in 
the context of composite services and multi-domain 
service provisioning. We have proposed an enterprise 
model for a billing system capable of doing this. The 
solution proposed is based on the intertwining of the 
service usage lifecycle and the service billing cycle. 
The processes supporting this goal have been 
specified.
We have adopted the RM-ODP for specification 
purposes, which helps in guiding the design process. 
Problem domain specific models have been adopted in 
order to address and tackle the design issues. By 
design, we have shown that TMF’s eTOM and SID 
give perfect problem domain specific handles to 
address the problem. By using the REA pattern we 
have incorporated an accounting theoretical basis for 
our billing system.  
From a design point of view, the advancements in 
ODP, and especially the development of “UML4ODP” 
has taken ODP out of the realm of conceptual 
languages: we now have a concrete language to 
express and communicate designs. The realization of 
the ODP Profiles and their incorporation in well-
established design and modeling environments will 
certainly help in receiving a broader audience. 
Regarding the enterprise model proposed, there are 
further research issues that can need to be addressed. 
For instance, we have not addressed the issue of “run-
time” changes of a composite service. From an 
application point of view, this would be yet another 
step forward. Additional processes are then to be 
considered specifying how service composition 
changes are interacted between the Provisioning
Agent and the Billing Agent.
10. References 
[1] I. Widya, B-J. van Beijnum, A. Salden, "QoC-based 
Optimization of End-to-End M-Health Data Delivery Services", 
14th IEEE International Workshop on Quality of Service 
(IWQoS 2006), New Haven CT, USA, 2006, pp. 252 - 260;  
[2] M. van Le, B.J.F. van Beijnum, B.L. de Goede; “Real-time 
Service Accounting”, IEEE Workshop on IP Operations and 
Management (IPOM2002), Oct. 29-31, 2002, Dallas, TX, USA.  
[3] W.E. McCarthy, “The REA Accounting Model: A Generalized 
Framework for Accounting Systems in a Shared Data 
Environment”, The Accounting Review, July 1982. 
[4] G.L. Geerts, W.E. McCarthy, “Augmented Intentional 
Reasoning in Knowledged Based Accounting Systems”, 
Journal of Information Systems, Volum 14, No. 2, 00.127-150. 
[5] G.L. Geerts, W.E. McCarthy, “An ontological analysis of the 
economic primitives of the extended-REA enterprise 
information architecture”, International Journal of Accounting 
Information Systems 3 (2002) 1–16 
[6]  3GPP, “Charging Principles”, 3GGP-TS32.200, v5.9, 2005. 
[7]  J.Jahnert, S. Wesner, “Overall Architecture Definition and 
Layer Integration”, Akogrimo, deliverable 3.1.1, July 2005. 
[8]  M. Koutsopoulou et al,“Charging, Billing & Accounting in a 
multi-Operator and multi-Service Provider Environment”, 
ANWIRE ,Workshop on Reconfigurability, Mykonos Greece 
September 2003. 
[9]  ITU Rec. X.901-X.904, “Open Distributed Processing – 
Reference Model”, Geneva, Switzerland, 1995-1996. 
[10]  TMForum, “Shared Information/Data (SID) Model – Business 
View Concepts, Principles and Domains”, release 6, November 
2005. 
[11]  L. Kutvonen, “Challenges for ODP-based infrastructure for 
managing dynamic B2B networks”, Workshop on ODP for 
Enterprise Computing (WODPEC04), California USA 
September 2004. 
[12]  H. Kilov, “Using RM-ODP to bridge communication gaps 
between stakeholders”, Workshop on ODP for Enterprise 
Computing (WODPEC04), California USA September 2004. 
[13]  TINA-C, “Service Architecture”, version. 5.0, June 1997. 
[14]  P.F. Liningto, “What foundations does the RM-ODP need?”, 
Workshop on ODP for Enterprise Computing (WODPEC04), 
California USA September 2004.  
[15] D.H. Arkehurst, “Proposal for a model driven approach to 
create a tool to support the RM-ODP”, Workshop on ODP for 
Enterprise Computing (WODPEC04), California USA 
September 2004.  
[16] R. Dijkman et al, “A Rigorous Approach to Relate Enterprise 
and Computational Viewpoints”, 2005. 
[17]  P. Nieuwenhuis, B. Nieuwenhuis, A. Martens, B. Meelhuysen, 
“Betalen via Nieuwe Media”, Hypercube Business Inovation 
B.V., October 2003. 
[18] TMForum: “eTOM: The Business Process Framework for the 
Information and Communication Services Industry”, release 
6.0, November 2005.  
[19] J. Strassner, J. Fleck, J. Huang, C. Faurer, T. Richardson, 
“TMF Whitepaper on NGOSS and MDA”, version 1, 
November 2003. 
[20] ISO/IEC 19793, “Use of UML for ODP system specifications”, 
version 1.00, May, 2006. 
[21] C. de Laat, G. Gross, L. Gommans, J. Vollbrecht, D. Spence, 
“Generic AAA Architecture”, IETF RFC 2903, August, 2000. 
[22] G.L. Geerts, W.E. McCarthy, “The Ontological Foundation of 
REA Enterprise Information Systems”, working paper, 
Michigan state university, August 2002. 
[23] RM-ODP Wiki, Resources, 
http://rcurinf01.uco.es/rmodpwiki/index.php/Resource, last 
visited on April 29, 2008. 
[24] FairIsaac, “Riks Analytics for Telecom”, 
http://www.fairisaac.com, last visited on June 13, 2008. 
